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GROUNDWATER CONTROL FOR HIGHWAYS

By

Travis W. Smith%
SYNOPSIS

Two recently completed highway contracts are used as a
backgtound for the discussion of subsurface drainage pro-
cedures in use in the design and construction of highways in
California. _ | |

Investigations to determine the needs for subsurface
drainage are described. These investigations can be grouped
under field reviews, geologic studies, borings, tests, and
anélysesg

Methods of subsurface water controls most commonly used
are: stripping and blanketing'with permeable material,
stabilization trenches, horizontal drains, and other somewhat
specialized measures. The application, comstruction, and
effectiveness of these methods are discussed.

Particular consideration is given to the characterigtics
of the peérmeable material that is used as a ﬁart of most of

the subsurface water control measures.

*Supervising Highway Engineer, Materials and Research
Department, Division of Highways, Sacramento, California
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INTRODUCTION

Construction of freeways covered by two contracts will
be used as a background for discussing subsurface drainage
practiees in the construction of h1ghways in California.
Underithese two contrects, approximately 7.8 miles of free-
way w;re constructed along Interstate Route 5 in the north-
ern pert of Califofnia, The cohstruction started in the latter
part Ef 1958 and was completed early in 1961.

The magnitude of the subsurfece drainage that is in-
volve& on major highway construction in the fairly mountainous
terraén,‘see Figure No. 1, can best be illustrated by compar-
ing ;ge costs of construction of these two projects and the
costs of the subsurface drainage facilities,

The first contract awarded in 1958 was for $4, 140,000
of which $434,000 or approximately 107 was for subsurface
d;ainsge facilities. Contract Change Orders in the amount
of $8§0,000_were_app;oved, and $86,000 or 107 of this amount
was for subsurface drainage facilities. Thus, the total
contreet.for_$5,000,000 included $520;000'or.approximetely
10% for spbsurface drainage facilities,

The ether contract was started in 1959 and was for approxi-
mately $5,095,000 and the subsurface drainage facilities
represented $965 000 or approximately 19% of the total cost.

Contract Change Orders in the amount of $944 000 were approved

-
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and of this amount $82,000 or 9% was for subsurface drainage
facilities. Of the original drainage facilities, $200, 000
was deleted. Thus, on the total contract for $6,038,000 the
subsurface drainage facilities represented $8¢7,000 or
approximately 147%. Certainly these expenditures totaling some
$1 367,000 out of a total of a little more than $11, 000, 000
indicate that a substantial portion of the expenditures for
highway construction in this type of terrain is for subsurface
drainage. The actual breakdown of items for groundwater |
control and costs are shown in Table No. 1. |
Groundwater is a major factor in instability of embank-
ment foundations and cut slopes, By far the majority of

landsTides on Califormia's highway system are the results of

-instability caused by subsurface water. The most common

means of lmproving.stability is removal of thé groundwater.
If the groundwater is not removed or adequately controlled,
landslides often result and these may be very serious in
regard to dis:upfion of traffic as well as cost. Figure No,
2 shows destruction of a portion of highway caused by failure
of a £fill foundation. Traffic was detoured for several weeks
over a rather inadequate detour and the cost of correction

and reconstruction was in excess of $100,000
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IMPORTANCE OF SUBDRAINAGE

Sébdrainaga_has become‘increasingly important as a
means of stabilization of cut slopes and foundations for
embanknents in highway construction in California in recent
years,: The mountainous terrain and the high annual rainfall

of Northern California have comblned to create a 31tuat10n

75conduc1ve to foundation problems. (1)

Three factors have contributed to the increased im-
portance of subdrainage, First, the necessity for more
favorable alignment and grade in highway construction has
resultad in much larger cuts and fills in the mountainous
terrain that is_prevalent throughout much of California.
Second; traffic volume has, on much of our highway system,
made tﬁeuolder two-lane road obsolete, and it has been neces-
sary to‘renlaca it with modern freeways with four or more
lanes.; Thia.has also resulted in cuts and fills of far greater
magnitnde than were necessary a few years ago. Third, much of
the mountalnous terrain, partlcularly in Northern California,
is located in areas of moderately high rainfall and somewhat
poor foundation conditlons,

If subsurface water exists and stability of fill founda-

tion or cut is somewhat doubtful removal or alleviation of

? the adverse subsurface water conditions is usually a must.

To ignore the subsurface water in the construction of cuts or
fills in these areas in the hopes that construction or natural

conditions will improve the subsurface drainage can be a

invvwe fastio.com


http://www.fastio.com/

ClibhPDF -

Travis W, Smith ' : 5

disastrous and costly process. Almost without excePtion'it
is more economical and more practical to correct adverse sub-
surface drainage conditions prior to construction rather than

attempt to handle this situation as a maintenance operation,

METHODS OF ANALYSIS AND DESIGN
Exploration

In the design and construction of the subsurface drain-
age facilities for highways, exploration plays a very im-
portant part. The various stages of the exploration usually
consist of one or more of the following parts: field review,
geologic studies, borings, tests, and analysis of data.

Field Review

In the early stages of any project, usually as early as

- the planning stage and certainly during early phases of

design, a field review is made to determine to some degree
the foundation problems that may be encountered and to obtain
some impression of the magnitude of corrective measures that
may be necessary in order to comstruct a stable road. This
field review will usually include representatives of several
departments such as planning, materialé, design, and con-
stfuctiono This review will serve as a basis for making the

further studies that will be necessary for design of founda-

jkdon treatmenmts,

As the design nears completion, a more detailed field
review should be made to study the relationship of the

planned subsurface drainage features to the project as a
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‘ WholéutO'make certain all anticipated probiems have been
provided with a satisfactory solution. This review will
ﬁsually include representatives from some or all of the
units involved on the earliér field review.

The following.is a quotation from a letter prepared
as azéesult of a field review made in connection with one
of tﬁese projects:

;‘ "At all locations where embankments are to

be constructed the borings show foundations of

‘questionable stability. The soil is predominantly

wet soft clay containing numerous cobbles and

:_bouldersm Free‘water was encountered in most of

‘the borings, apparently in large quantities. The

depth of the wet material was indeterminate; in

'}séveral of the borings no firm material was found

‘at depth of about 70 feet, the maximum depth

Ifenetrated,

: "Although the transverse slopé of the natural

‘ground is relatively flat, it is our opinion that

;the risk of embankment slipouts will be excessive

‘unless extensive sub-drainage treatment is provided.

'Fill failures would not only cause interruption to

‘movement of traffic on the freeway, but would alsg T

7jeopardize or destroy streets and buildings adjacent

‘to the right-of-way."
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geologic'Studies

Some of the districts in the Divisron of Highways have
engineering geologists on the staff of their Materials
Departments. The Materials and Research)Department, which"
is a headquarters unit,of the Division of Highways, also has
several engineering geologists on the staff. Typically,-
Materials Reports include a geologic description of the area
involved in constructlon The nature and magnitude of the'

geologic mapping and study that is done w1ll depend to a

| large degree upon the nature of the topography, ‘type of

terrain and magnltude of the problems encountered‘ The*;“”

following is a:quotation from the geologic phase of the

Materials'Report on one of the projects: |

| NThe project is located on the west side of

the‘Sacramento Rivericanyon and traﬁerees rugged
mountainous terrain Rock types found within - the
limits of the progect consist of ultramafic rocks‘
of various types, some with a schistose structure,
The rocks_have a generel northeast-southwest strike
and dip steeply to the_southeaetu Recent flows of
pyroxene andesite are fbund along‘both sides of'the
canyon and occupy earlier channels of the river°

The present channel of the river follows the trend ‘

of the weaker rock structure in the ultramafic rocks"' S

and is in part responsible for the many slidee-thati :

occur in the canyon. The soil mantle in general is
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silty clay, sandy gravelly clay, tuffaceous clay,
| 511ty sandy gravel and residual boulders of various
types,
Borings
HThe drilling that is done in exploring projects of this
natu?e is deﬁermined largely from field reviews, available
géoi;giq'information and information obtained as drilling
progéésses, On the two projects under consideration, a
total of 150 borings were made. These borings varied in
deptﬁ from a few feet to in excess of one hundred feet, .
These borings included conéiderable exploratioﬁ in connectibﬁ
withfcut slope design, as well as the borings necessary for
fill?foundation stabilization which consists primarily of
sdbsurfaéé draiﬁageo Most of the borings were made with
powe? equipment and continuous flight augers, A limited
amount_of expiofation‘was done with power equipmént and |
two-inéh diameter samplers that are pushed or driven to ob~-
tain;undiéturbed soil samples for visual inspection and teét*,

ing. Some sampling was done with one-inch diameter hand

Jdriven sawplers to secure samples primarily for visual in=

wiavw fas

spection. The exploration was concentrated in the areas Where IR

field review and geologic mapping indicated that questionable-
founditidn conditions might exist, Most of the exploration-?‘

'_was done durxng design stage after the actual line and grade
ﬂﬂf*had been adopted In areas where this exploration revealed

h5 7extreme1y unfavorable foundation canditions, line or grade
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changes were frequently made to improve stability. An
appreciable portion of the exploration was done in the early
stages of construction after clearing and pioneering had
been completed. This exploration was aimed primarily at
more completely delineating thelextent of foundation treat-
ment required and exploring areas where foundation problems’
were encountered during construction that had not been
evident during design.
Testing
The testing on these two projects was rather limited
due primarily to the nature of the problems encountered and
to thé_type of soils and rock that were present. Much of
the foundation soils for the embankments consisted of
layered or heterogeneous combinations of fairly firm soil
mixed with rock; and soft saturated clays, silty clays or
clayey silts intermixed with soft to hard rock. Most of
these softer formations or zones were water bearing. Figure
No. 3 shows a typical boring profile. Securing representative
samples of these softer materials was difficult although
some testing was done in. order to get a comprehensive picture
of the strength characteristics of this material. The test-
ing consisted primarily of unconfined compression tests and
a limited quantity of comsolidation and triaxial compression
- tests. To supplement these tests, numerdus unit Weight,
moisture content, grading, and Atterberg limits tests were |

made.
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Qroundwater Observations

A careful survey was made of evidences of groundwater

and séepage in the area where the two projects being des-

. cribed were to be constructed. As the borings were made,

signsfof excess moisture or seepage were carefuliy noted.

Soil éamples were examined to determine moisture conditions
and the borings were sounded frequently during drilling
operaﬁions to determine if there was free water in the borings.
Measu?ements were made of the rise of water in the borings
subseﬁﬁent to completion of the borings.

During constructibn, observations were made to determine
the effectiveness of thezgroundwater control measures that
had béen or were being incorporated in the construction.
GrouﬁaWater conditions were observed in the various exca-
vatioﬁs as they were maﬁe, Observations were also made of

flows of water from the various groundwater installations

that were a part of the construction.

'During construction of the projects, pumping tests and
drawdbwn observations were made in vertical relief wells that
will be described later, These tests were made to determine
the gffectiveneés of the combined installation of vertical
reliéf wells and horizontal drains, FigurelNo; 4 shows

typiqél pumping test data depicting the drawdown.

Analysis of -Data
‘Information available from the field review, geologic

studies, borings, tests and analyses were used in an effort
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- to determine the nature and magnitude of any corrective

-measures that were necessary in order to construct a stable

road. Subsurface drainage facilities were incorporated in
the design when it was believed that data from the abqve
éources of information indicated that cuts or fill founda-
tions would be unstable or borderline for stability. The
most common situation that indicated the necessity for sub-
surface drainage on the fill foundations were layers of

water bearing soft material intersPérsed with drier, firmer

layers of soil containing more rock. Strength testing was

concentréted in the soft zones. If embankments are placed
over these areas there is usually a tendency to compress
the water bearing strata and reduce the ability of these
strata to prnviae drainage. Thus, hydrostatic pressures
are increased especially during wet seasons and the Stability
of the foundations is endangered. It should be noted that
experience in the California Division of Highways indicates
that most of the problems in subsurface drainage occur in
solls of grain sizes that normally would be classified as
relatively impervious, Most of the waterrappears to be moving
in strata that are relatively fine gréined and may contain .
relatively high percentages of clay, The water is moving
along'fissures, fraétures, joints, or bedding planes that are
somewhat more capable of carrying water than the main soil
mass, |

‘It is apparenmt that the soil eonditions and types of

formations described above do mot lend themselves readily to
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rigoraus solutions by the usually accepted soil mechénics
proceciﬁres° Rather thé design of subsurface dfainage facilities
unaergfhese conditions is largely a matter of using the infdr-
‘mation available from all sources such as field revieﬁ, geology,
bbfings, tésts, and analyses, as an'aid to experience and
judgmént in the design of these facilities. More rigorous
soil’éechanics prbcedures are used assuming certain parameters
in chécking the designs that are indicated by the rational

' methdés described above.

METHOD OF DRAINAGE

Several methods of drainage or treatment are used de-.
pendlng upon soil conditions and groundwater conditlons that
prevall. The subsurface drainage methods that are most
commoﬁly used to stabilize fill foundations are: (1) strip
and piovide a drainage blanket, (2) construct stabilization
trencﬁes, (3) install horizontal drains, and (4) occasionally
use rélief wells. The most commonly used methods of sub-
surfaée drainage in cuts are: underdrains and drainage
blankéts or horizontal drains. The methods used will be dis-
cussea separately, although in actual practice gubsurface
drainége at any single location frequently entails a combi-
natio% of two or more of these procedures,

§priﬁbing and Blankets

:if the zone of water bearing material is fairly shallew,
less than 10 to 20 feet, and is underlain by firmer material,

a common method of treatment is to strip the soft material
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and provide a pervious blanket to remove the groundwater,
This procedure is illustrated by Figure No. 5 which shows a
plan and cross-section through an area where stripping and
blanketing were accomplished. This procedure serves a dual‘
purpose of removing the wet, weak material and replacing it
with material that is compacted and of appreciably higher
strength, It also provides a layer of permeable material
which serves as a means of egress for the groundwater, the
primary cause of the trouble. Limiting conditions for the

use of this type of treatment would be the depths of the soft,

- water bearing material; and slopes of the surrounding area

which would determine the feasibility of providing outlets
for the drainage layer., If this procedure is adaptable to
the conditions that exist,'it is a relatively positive method
of correction. One precaution in its use is to determine by
exploration that all of the water bearing material is
actually being removed and that the stripping does not merely
extend to a zone of stronger material that in turn is under-
lain by weakery'water bearing material that is the basic
source of the groundwater.

The natﬁre of the permeable material that is used for the
blankets will be discussed later. Experience has indicated
that it is inadvisable to provide a pervious blanket without
also providng a perforated pipe to remove the water from the

pervious blanket,
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Stabilization Trenches

:Sﬁabi;ization trenches te remove the subsurface water
were used extensively on the two contracts under consider-
atioﬁ; The method of exploration where stabilization trenches
are‘qsed would be identical with the exploration that would be
nece&éary if stripping énd pervious blankets are used,  In
factxgstabilization trenches might be considered a special
typetéf stripping operation. Muéh of the credit for the
deveibpment and early use of stabilization trenches should be
given to Mr. A. W. Root who was for many years head of the
Foundation Section of<the Materials and Research Department (2).
He retired from service with the California Division of
Highways in April 1962, A plan of a longitudinal stabilization
trenéﬁ_is shown on Figure No. 6 and a cross-section of a
simiiar trench is shown on Figure No. 7. Trenches may be
eithér longitudinal or transverse, depending upon the terrain
and ﬁhe relationship of the topography to the roadway.
Stabiiization trenches have been used most extensively where
subsﬁ:face water is_encouﬁtered in the exploration at depths
between 10 and 30.to 40 feet below the existing ground.
Trenﬁhes have been generally constructed with a bottom width
of 12 feet or more and with side slopes as steep as they will
stand‘during construction. The bottom width of 12 feet or
more is largely predicated on the use of usual dirt moving
equipment for excavation. The side slope can generally be
‘constructed somewhat steeper than it is anticipated'would be

possible for permanent construction, since in the normal

e
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construction operations trenches will be constructed and back-
filled within a few days to a few weeks, -Typically, on the
two contracts under discussion, side slopes on ithe .trenches
wére in the order of_l:l,to,l%;lu. Figure 8 shows the completed
excavatioq of a longitudinal stabilization trench.. This same
stabilization trench is.shown in Figure 9 during placement
and compaction of backfill material. Some slides within the
trenches occurred when side‘slopes of 1:1 were used especially
in cuts of 20 feet or more in height. Almost no difficulty |
with slides was encountered where‘ﬁl!;:l side slopes were used
even though ﬁhe slopes were high, (50 to 100 feet or more)zl
Maximum depth a;,qenterline of the trenches oﬁ these two
contraéts was . in the order of 25 to 35 feet. Thus, slopes
on the low side of the trench were in the order of 10 to 25
feet, and on the high side, slopes in the order of 50 feet or
more were not uncommon, Generally the bottom, high side and
ends of the trenches were b;anke;ed with a layer of permeable
material 3 feet in thickness. . One or more perforated pipes
were placed in the bottom of all of the trenches to remove
the water from the stabilization trench. An outlet was pro-
vided to remove the water from the lower end of the trench,
These outlets in reality usually constitute a-short transverse - .
stabilization trench. A diagrammatic sketch of a stabilization
trench is shown on Figure No. 10.

- frenches will effectively remove the subsurface water.
from an area iﬁ_;hey can be constructed deep enough to inter- ..

cept the water bearing strata, They do not have the feature -
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of removing as great a percentage of the underlying weak
material as is usually poSSIble if stripping 1is used. Refer-
ence to the cross-section shown on Figure No. 7 will indicate
that due to the narrow bottom width of the stabilization
trench considerable weak material is left in place under the

roadway prism, These stabilization trenches do have the

féature of being able to intercept groundwater at a greater

depth than is often economically practical with total strip-
plng.' They provide a wedge Of'stable‘compacted material that
is keyed into the stable underlying foundation soil.

;Horlzontal Drains

Although horizontal drains are most frequently used in
connéotion'withistabilization of cut slopes or landslide
correotioo tﬁey are oocesionally used as a preventative
measure on £ill foundations where subsurface water is a
problem. They are usuelly_installed from the toe of the
propoéed fill slope or some convenient position at a lower

elevation. This will afford access for maintenance. It is

‘sometimes possible to remove subsurface water by this method

to depths greater than is economically practical by the use
of stfipping'or trenches, Draihs are frequently installed to

depths varying from 150 to 300 feet. Thus, it is often

'possible to reach well beyond the toe of slope on the upper

side.of the road with drains that have been installed from

the Ibwer toe of slope. Drains are sometimes installed from
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surface water before it has an opportumity to reach the founda~-
tion of the embankment. Drains for cut stabilization are
usually installed from the toe of cut or from benches on the

- cut slope. Grades for the drains vary from two or three per

| cent to as steep as 15 to 20%. The installation of horizontal

drains was pioneered by the California pivision of Highways in
the later 1930's, and is described in considerablé detail
in earlier publications. (2), (3), &%), (3), (6).

The holes are drilled with 3- to 4~inch diameter roller
rock or drag bits with water used as a circulating medium;
Casing consists of two-inch perforated steel pipe that has
been asphalt dipped. Casing is butt welded on installationm.
Collecting systems to remove the water from the outlet of
thehorizontal drains and prevent its infiltration into the -
surrounding soil are generally necessary. Horizontal drains
are an effective means of remoﬁing subsurface waﬁer with
proper soil conditions. They increase the strength of the
material by removal of the water and reducing hydrostatic
pressure,

Relief Wells

Something of an innovation was used for subsurface
drainage purposes on the two contracts covered by this paper.
Groundwater was at such a depth in many of the foundation
areas that it was not practical to construct trenches déep
enough to intercept the water. Vertical relief wells were
installed and horizontal drains were drilled from the lower

toe of slope to intercept these relief wells at some ele-
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vation between the ground surface and the bottom of the relief

wells These relief wells were in the order of 40 feet deep
and -were approximately 24 inches in diameter. They were
drilled with a bucket type auger and were not cased, Six-
incﬁ diameter perfofated transite pipe was placed in the
center of these wells and the concentric area between the

plpe and the wall of the well was backfilled with permeable

-material These relief wells were installed in two rows on

10-foot centers as shown on the attached plan, Figure No. 11.
The line of wells underneath the main part of the £ill did
riot have a layer of permeable material placed at the ground
surface, but the lower part of the wells was drained by

horizontal drains. However, the line of wells near the lower

rtoeiof slope had a pervious blanket of permeable material

two feet thick placed over the original ground, but had no
outlets from the bottom of the wells. This is depicted on
the section shown cn Figure No, 12. The spacing and diameter
of the relief Weils was such that slightly more than 50% of
the horizontal drains would intercept relief wells. It was
felt that it was not necessary to intercept the wells but
that the subsurface water would flow through the native soil
and. relieve the pressure within the wells, 1In some areas
these vertical relief wells were installed in the bottom of

stabilization trenches. A diagrammatic sketch of vertical

‘reliéf wells and horizontal drains is shown on Figure No. 10.

_These vertical relief wells are primarily a means of

| relieving hydrostatic pressuxe. They do not effectively drain

all of the water from the soil mass,
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Underdrains and Pervious Blankets

A method commonly used for removal of subsurface water
in highway cuts is by installation of underdrains or under~
drains in combination with pervious blankets, A typical

section of an underdrain is shown on Figure No, 13. The

- underdrain consists essentially of a narrow trench, 20 inches

wide and 2 to 8 feet deep, A 6-inch layer of pgrmeable
material is placed in the bottom of the trench and perforated
pipe 8 inches in diameter is then laid. The remainder of the
trench is then filled‘with permeable material, These under?
drains are installed primarily to intercept water that is
flowing laterally into.the roadway through rather well
defined zones, Underdrains are generally installed under one
shoulder in cuts. They are upon occasion installed at both
shoulders and in the median if conditions warrant. Under-
drains have been beneficial in areas where the subsurface
water is flowing through the entire mass of soil and méy be
moving into the cut from underneath. However, they are not
necessarily completely effective under these conditions and
their effectiveness would depend largely upon the quantity
and source of water involved and the uniformity of the soil
mass. Generally, under these conditions a pervious blanket
is used in combination with a system of underdrains, In
highway practice in California, the minimum thickness of blqhket'
that 1s used is one foot and this blanket is used in combination
with one or more underdrains, Usually no pipe is-installed in

the Blanket proper but the pipe in the underdrains serves as
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an quflet for the water that is picked up by the blanket as
well as thé water pidﬁéd up by the underdrain., Transverse
or diagonal underdrains are frequently installed at the
transition from éut to £1ill, This tends to prevent the
migrafion.of the subsurface water from the cut areas into
the é?jacent £ill areas. The primary purpose of underdrains
as wéii as the pervious blankets in cuts is to prevent

distréss of the pavement rather than to improve stability in

‘the cuts,

Permeéble Material
No discussion of methods of subsurface drainage would
be coﬁplete without some consideration of the characteristics
~ of th; permeable material that will be used to drain water
from the unstable areas. In the process of stripping and
blankets, stabilization trenches, relief wells, and under-
drains, permeable material is provided to serve as a means
of removing the subsurface water, Perforated pipe of some
sort is used along with the permeable material as outlets
in tﬁésé various installations.

Permeable materials for drainage purposes should have
two dharacteristics that are somgwhat contradictory. First,
the material must be many times as permeable as the surround-
ing épil from which water is to be drained. Hence, the
désifébility for the material to be very porous and capable
of cafrying large quéntities of water. Secondly, the perme-
able material should not contain voids sufficiently large to

g N
permit the migration of the soil into the permeable material
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or to permit therpigration of the fine portion of the perme-
able material thr&ugh the coarse phases of the permeable
material.

The history of the grading of permeable material that
has been used for subsurface drainage purposes in California
highways shows trends that appear to be characteristic of the
thinking both in the Division of Highways and in other
agencies that have made similar installations. Two or three
decades ago pérmeéble material usually consisted of rock or
cobbles with very large voids. Each successive step in the
process show grading specifications that used smaller and
smaller sizes. With the California Division of Highways this
trend was reversed in 1960 when coarser material or at least
cleaner material was required than had been used in 1954
specifications. Table No. 2 shows grading specifications
at various times from 1927 to the present time. Typical
specificatioﬁs are shown on the grading curves on Figure No.
14,

It is recognized that permeability rather than grading
should probably be the basic criterion for specifying perme¥
able material, Permeability tests are difficult tests to use
as a construction control test. While permeability tests
have, to a large extent, become standardized they are not
highly reproducible except by skilled technicians with con-
siderable experience. Therefore, the procedure has been to
use gradiﬁé and guality tests om the aggregate in the prepar-

ation of specifications for permeable'material rather than
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ﬁsing?permeability.‘ It is also recognized that the permeable
material should be tailored to fit the soil encountered in
the vérious cuts and stabilization work. (7) In highway con-

struction this is usually difficult due to the extreme

‘variaﬁion of material encountered in the various cuts and

subsufface'drainage features; Since 1960, an effort has been
made to base the specifications for the permeable material on
the charaftér of soil to be drained somewhat in conformity
with fhe generai requirements advocated by Barron (8) and
Barbef (9).
'ﬁost of the permeable material used in the construction ¢

of Caiiforﬁia highways has been secured from commercial

. sources; however, every effort is made to utilize local

deposits where suitable material is available and soil condi-

tionsfafe such that it can be utilized,

SUMMARY AND CONCLUSIONS
Provision for adequate control of ground water in high-
way c;nstruction:is imperative, Experience on California
highwéys in generaltand particularly on the two projects
described above indicate that extensive subsurface drainage

was mecessary in order to prevent the expenditure of far

' larger sums of money for corrective measures.

The need for thorough investigation in commection with
spbsu?face drainage cannot be overemphasized. I£ thorough
investigétion is not made the need for subsurface drainage

cannot be ascertained, Similarly, the investigation will
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point to the type and degree of subsurface drainage that is
necessary. The investigation for subsurface drainage may
take many forms and the nature of the problem encountered
should dictate the type and nature of the investigation that
is warranted.

The two contracts described above illustrate the types
of subsurface drainage that are commonly or upon occasion
used in Califormia highway practice. There is every evidence
that these suﬁsurface drainage methods are reasonably success-
ful. The fact that considerable additional subsurface drain-
age was determined necessary as a result of observations
during construction is evidence that the original subsurface
drainage was not overdesigned. On these two contracts no
embankment slipouts of major froportions have occurred since
construction. Some slides have occurred but' these have for
the most part been rather minor slides that have obstructed
not more than one or two lanes of the freeway.

If proper subsurface drainage is not provided in areas
where it is needed the results may vary from disastrous to
minor inconvenience. There have been cases where major high-
ways have been closed as a result of slides or slipouts that
éould have been prevented by more extensive subsurface drain-
age. In other cases minor inconvenience has occurred such as
the necessity of the removal of small quantities of slide
debris from the traveled way thus reducing highway ca?acity
to some degree. While it is recognized that the cost of

subsurface drainage is an item of major proportions on much
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of tﬁe California highway system, it is strongly believed that
the expenditure of these sums of money actually results in
savings far beyond their cost and produces highways that are
far more serviLeable to the traveling publiec,

‘It should be emphasized that the subsurface drainage
faciiity is no better than the construction and material
that is incorporated in the facility. Propar investigation
and adequate design will not insure a workable, satisfactory
facillty unless the features are incorporated in the finished
prodﬁdt, One feature that should be particularly emphasized
is tﬁe necessity of good quality permeable material. The'
perméable material is the de;ice that must ultimately remove
the subsurface ﬁater from the natural soil; hence, the need
for material that is sufficiently permeable to remove the
grou?dwater ﬁithout developing excess hydrostatic pressure
and at the same time wili not become clogged with fines and

cease to funetion,
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 TABLE 1
Combined Costs

Contract Items for Groundwater Control

Contract Nos, 59-2TC1l8 & 60-2TC2

Item

Stabilization trench excavation

Permeable material
a., Stabilization trenches
and blankets o
b. Underdrains
Drainwells _
PMP underdrains
Horizontal drains

‘Collector pipes

Groundwater Control Items

Other Contract Items

Total Expenditures

ClihPDF - www .fastio.com

Unit Cost

$]7.,30.cua yd.

1,65 ton

7.00 cu. yd.
5,75 lin. ft.
2,00 lin, ft.

12,75 lin. ft.

2.00 lin, ft.

Total Cost
§ 512,962

286, 844
93, 792
98,270

139,008

204,443

11,300

$1,366,619
9,672,658

$11,039,277
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ILLUSTRATIONS
Figure 1 Typical mountainous terrain
Figure 2 Landslide - £ill foundation failure
Figure 3 Typical boring profile
o Figure & Typical graph of drawdown in vertical -
: relief wells _ ' '
Figure 3 Stripping and blanketing
Figure 6 Plan of longitudinal stabilization
trench : ‘ ' :
Figure 7 Cross~-section of longitudinal stabili-
zation trench
Figure 8 Excavated longitudinal stabilization
trench :
Figure 9 Partially filled longitudinal stabili-
zation trench .
Figure 10 a, Diagrammetric sketch of stabilization
trench _
b. Diagrammetric sketch of embankment
stabilization with horizontal drains
B and vertical relief wells
<f, Figure 11 Plan of horizontal drains and vertical
R _ relief wells
Figure 12 Typical section of horizontal drains,
vertical relief wells, and pervious
blanket
Figure 13 Typical section of underdrain and
pervious blanket
Figufe 14 Grading specification limits for perme~-

able material
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"FIGURE 3

Boring D-2
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Wet to saturated, soft, moderately plastic, reddish-
brown, silty clay.
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Moist to wel, stiff, highly plastic, brown, slightly sandy
clfay with some schistose rock fragments
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FIGURE 5
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Figure 8

Partially filled longitudinal stabilization trench
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FIGURE 10
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*' FIGURE 12
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FIGURE I3
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